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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a new crystal 
vibrator which is cut out with a comparatively small cut- 
out loss and has a frequency temperature characteristic 
where the width of a frequency change is reduced over a 
wide temperature range, the crystal vibrator is in use 
practically in the case of the normal use without 
compensation and obtains more excellent matching with 
a similarity with the shape of a frequency temperature 
characteristic of the wide variety of kinds of oscillation 
circuits when any compensation is required. 
SOLUTION: The crystal vibrator uses a crystal plate 
where an angle (&phiv;2) of a normal onto the crystal 
plate face is within a range of a reference angle from 
35° 10' to 36° 50' at an AT plate side around a new 
coordinate axis X 1 with respect to a new coordinate axis 
Y' resulting from rotating the crystal plate around the Z 
axis of the crystal whose crystal axes are X, Y, Z at an 
angle (&phiv;1) within the range of a reference angle 
from 1° 30' to 13° . 
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* NOTICES * 
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CLAIMS 



[Claim(s)] 

[Claim l] rectangular coordinates " a shaft -X-Y-Z-a crystallographic axis --**•- carrying out " 
Xtal ■ a crystal the Z-axis - the surroundings •* criteria - an angle - one ■- a degree - 30 a minute 
from - 13 -* a degree ** a range •■ it is - an angle (phi l) - having rotated - new - an axis of coordinates * 
Y - ' - a shaft - receiving - a normal of a quartz-plate side - making - an angle (phi 2) new - a quartz 
resonator using a quartz plate which is in an AT cut side in a range for 50 minutes 36 degrees from 10 
minutes criteria angle 35 degrees around an axisofcoordinates X'shaft, respectively. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the quartz resonator of the 
quartz plate which has a new cutting angle from a crystallographic axis, and carries out thickness slip 
vibration. 

[0002] In this invention, since the electrical characteristics from which NY cut and its quartz plate are 
defined as NY board, and the quartz resonator is defined as NY board quartz resonator, and the quartz 
resonator using a quartz plate and its quartz plate serves as a base in new angle cutting are made the 
same, both are defined as the same thing and treated. 
[0003] 

[Description of the Prior Art] Conventionally, quartz plates, such as AT and a BT cut, are mainly used for 
the quartz resonator which carries out thickness slip vibration (respectively henceforth AT and a BT cut), 
and quartz plates, such as FC, IT, and SC cut, are known (respectively henceforth FC, IT, and SC board). 
However, AT and a BT cut manage severely not rotating X and a Y-axis around the Z-axis, and are [ about 
/ about 35 degree 00 minutes thru/or, and 35 degree 30 minutes and, and ] to a Yaxis, respectively about a 
plate surface normal. They are 47 degrees thru/or the plate surface leaned -51 degrees. Therefore, about 
cutting and an angle sorting activity, it is comparatively easy. On the other hand, an AT cut is 
after-mentioned [number l] which determines the configuration of the frequency temperature 
characteristic deltaf/fo as shown in the typical temperature characteristics a and b of drawing 1 . The 
effect of the 3rd temperature characteristic gamma is large in a ****** characteristic, the configuration 
which has top most vertices near the reference temperature (for example, 25 degreeC) cannot be made, 
and the maximum change width of face of the temperature characteristic is enlarged. The quartz 
resonator by this AT cut is used for many devices as a common crystal oscillator large now and a crystal 
oscillator with which that frequency temperature characteristic is compensated using a thermistor. 
However, at the object for a mobile radio telephone which is increasing for example with diversification of 
amount of information in recent years, it may need to hold down frequency tolerance within **2 ppm by 
-20 : degreeO60-degreeC. In such a case, although the difference with the possible adjustment control to 
the precise quartz resonator in 1.0 ppm level and the configuration of the frequency temperature 
characteristic between oscillators is very important and the very small difference of the 3rd temperature 
characteristic gamma serves as an important key which determines success or failure That it is very 
difficult to meet the demand, and the maximum change width of face is large has the conditions of a use 



range restricted also with increase of the loss of circuit by the thermistor as the 3rd temperature 
characteristic gamma which the range of an AT cut has. 

[0004] although it is easy to make the configuration in which the effect of secondary temperature 
characteristics beta has top-most vertices large and convex near the reference temperature as a BT cut is 
show in the typical temperature characteristics c and d of drawing 2 - coincidence ■ the maximum 
change width of face of the property of the large temperature requirement where the effect of primary 
temperature characteristics alpha is also large - the degree of pole - large - carry out - the crystal 
oscillator of high degree of accuracy ■■ it cannot be use - moreover , the temperature compensation - **** 
■ it is restrict to a narrow temperature requirement , and the loss of circuit becomes large and is also 
disqualified . 

[0005] It rotates, moreover, the surrounding angle phi 1 of the Z axis as shown in drawing 3 - it [ its ] 
about 15 degrees, 19degree6', and 22degree24' - Y* shaft is also received around an axisof-coordinates 
X'shaft. the normal of a quartz-plate side - new - FC and IT which leaned a certain angle range phi 2, 
respectively, and SC ****** - although it is possible to make the configuration which primary 
temperature characteristics alpha are large, and the 3rd temperature characteristic gamma increases to 
negative, and has top most vertices near the reference temperature, the maximum change width of face of 
the property of a large temperature requirement also increases. It differs in the purpose of use from each 
feature which it has. Therefore, for example As opposed to for example, -20degreeC-60degreeC of the 
temperature compensated crystal oscillator which FC board which sets point-of-inflection temperature to 
50-degreeC has the purpose of use by the side of the elevated temperature more than 25-degreeC, IT, and 
SC board in the purpose of use to the stability of the support which makes a stress sensitivity coefficient 
smallness, and is current needed For using it in adjustment of the maximum change width of face of the 
******** temperature characteristic, and its configuration, it is disqualified. Moreover, the surrounding 
angle of rotation phi 1 of the Z-axis is large, in addition, the inclination phi 2 of a normal is also started to 
the present synthetic-rock-crystal rough, and loss is also large. 
[0006] 

[Problem(s) to be Solved by the Invention] the need for the high elaboration of a quartz resonator - 
following ■*• high [ of a maximum change width of face of the frequency temperature characteristic of 
quartz resonator improvement- side and the circuit side of a quartz resonator and a crystal oscillator, and 
the mutual temperature characteristic ] - the temperature compensation by precise adjustment is newly 
a technical technical problem important for a quartz resonator. The technical problem of this invention 
sets the frequency temperature characteristic of the conventional quartz resonator to a large temperature 
requirement. Reduce the maximum change width of face of frequency change, in using it without 
compensating (usually henceforth the case of use), use is possible in the practical range, and temperature 
compensation is carried out. In using it (henceforth the case of compensation use), it aims at offer of the 
quartz resonator by the new quartz plate which has the configuration of the frequency temperature 
characteristic which adjusts the configuration of the property well with the frequency temperature 
characteristic by the side of the oscillator circuit of an extensive class, and comparatively few new quartz 
plates of logging loss. 
[0007] 

[Means for Solving the Problem] 

[Drawing 3l It is alike and the shown **** rectangular coordinates shafts X, Y, and Z a crystallographic 



axis -•**■- carrying out - Xtal ■ a crystal - the Z-axis - the surroundings criteria - an angle - one - a 
degree - 30 - a minute - from - 13 ■ a degree - a range - it is - an angle (phi l) - having rotated - new 
- an axis of coordinates -- Y - ' - a shaft receiving - the angle (phi 2) which the normal of a quartz-plate 
side makes - new by being in an AT-cut side in the range for 50 minutes 36 degrees from 10 minutes 
criteria angle 35 degrees around an axisofcoordinates X'shaft; respectively the quartz resonator using 
the quartz plate (said NY board) constituted - the primary temperature characteristics [ secondary / 3rd ] 
alpha, beta, and gamma smallness - in the range the maximum change width of face which has convex 
top most vertices near the reference temperature smallness - the frequency temperature characteristic 
is realized and it has consistency at a precision in the configuration of the temperature characteristic by 
the side of the circuit of the crystal oscillator with which the configuration of the property becomes 
various in a large temperature requirement, and since there is also comparatively still little logging loss, 
a means effective in solution of said technical problem is offered. 

[0008] In this invention, angle tolerance of the threshold value of a criteria angle is made into -30 and +0 
minute to 10 minutes here surroundings 35 degrees of surroundings 1-time 30 minutes and X'shaft of the 
Z-axis, and it is defined as 0 and +30 minutes to 50 minutes 13 degrees surroundings 36 degrees of 
X'shaft the surroundings of the Z-axis. The value of the above-mentioned tolerance of a marginal criteria 
angle is what was defined in consideration of distinction of biaxial rotation, the difference in the quality of 
the material of synthetic rock crystal and that a marginal angle can usually be distinguished 
comparatively easily using a measuring device whenever [ X line -angle / of the accuracy of level ], and 
others, and completely differs from the allowable deviation of the angle on the layout for giving the 
frequency temperature characteristic required for a quartz resonator. 

[0009] The operation which the solution means of this invention makes is explained below. Generally 
frequency temperature characteristic deltaf/fo of a quartz plate is following [Equation l]. It can express 
with a formula. 
[Equation l] 

A f / f ~ a (T-T0) + 0 ( T - T 0) ~ 2 + 7 (T-TO) ~3 

alpha, beta, and gamma show T and, as for the primary temperature characteristic [ secondary / 3rd ] and 
TO, arbitration temperature, reference temperature, A 2, and A 3 show a square and a cube mark here, 
respectively, alpha, beta, and gamma are mainly dependent on the angle of the above phil and phi2, 
respectively, and also the configuration of actual frequency temperature characteristic deltaf/fo becomes 
settled strictly also depending on many factors, such as a configuration of a quartz plate, the ratio r of the 
juxtaposition capacity CO of a quartz resonator, and the serial equivalent capacity Cl (the ratio is called 
capacity factor below), the load-carrying capacity CL of an oscillator circuit, and a temperature coefficient 
of CO and CL. 

[0010] the configuration of the frequency temperature characteristic according [ NY board of this 
invention ] to the conditions of a quartz plate, the conditional factor of an oscillator circuit, etc. - 
corresponding - phil and phi2 of said angle within the limits - each is set up. At the appropriate time, 
compared with the quartz plate of the conventional thickness slip vibration, the maximum change width 
of face decreases and frequency temperature characteristic deltaf/fo which becomes settled according to 
an operation of the temperature characteristics alpha, beta, and gamma which it has improves by the 
large temperature requirement, for example, -30-degreeC, thru/or 80-degreeC. therefore, the case of 



usually use current ■- the engine performance more than the AT cut currently used widely and an EQC 
is demonstrated. In the configuration of the temperature characteristic of an oscillator circuit, with an 
opposite sign, a compensation temperature range is comparatively well similar, and, in the case of 
compensation use, adjusts the configuration of the temperature characteristic of a quartz resonator 
rather than an AT cut at for example, -30degreeC thru/or 80-degreeC. Therefore, a good result is 
obtained to the temperature compensation on condition of there being few differences of both. NY board in 
the angle range of phil and phi2 which have the temperature characteristics alpha, beta, and gamma 
which become various adjusted on the conditions of the oscillator circuit of an extensive class is [Equation 
l]. The suitable role for solution of a technical problem can be played according to the operation which 
****(ed). 

[0011] Moreover, the Y cut thru/or Z disc synthetic-rock-crystal rough used widely now is the material of 
the letter of a rectangular parallelepiped block with the surface which usually meets a crystallographic 
axis. Therefore, when rotating and cutting down a quartz plate around the Z-axis and the X-axis, 
according to tanphil, the material loss by logging increases, so that phil, phi2, especially phi 1 are large. 
Although the conventional AT cut which makes phi 1 zero is the most advantageous, since phi 1 of NY 
board is in a still small range, tolerance has logging loss comparatively few. 
[0012] 

[Embodiment of the Invention] In the example which considered as the quartz resonator of frequency 
12.8Mhz using various kinds of NY boards of this invention, and set the ratio ao of 20pf(s), the vibrator 
juxtaposition capacity CO, and load-carrying capacity CL to 0.1625 for the load-carrying capacity CL, 
frequency temperature characteristic deltaf/fo of many examples which usually contain the threshold 
value of the criteria angle to the case of use and the case of compensation use, respectively is shown in the 
following drawings. 
[0013] 

[Example] Drawing 4 is the example ** indicated each property after compensation adjusted in the 
temperature requirement of -20*degreeO60-degreeC in the Colpitts mold oscillator circuit where in 
usually use ** has the thermistor B constant 2155 before compensation, and ** has ** in the case of 
compensation use to be in abbreviation phil= l*degree30\ 

[0014] Drawing 5 is the example ** indicated each property after compensation in which the Colpitts 
mold oscillator circuit where in usually use ** has the thermistor B constant 3025 before compensation, 
and ** has ** in the case of compensation use was adjusted in the above-mentioned temperature 
requirement to be in abbreviation phi 1=4 degree. 

[0015] Drawing 6 is the example ** indicated each property after compensation in which the Colpitts 
mold oscillator circuit where in usually use ** has the thermistor B constant 3025 before compensation, 
and ** has ** in the case of compensation use was adjusted in the above-mentioned temperature 
requirement to be in abbreviation phil=7 degree. 

[0016] Drawing 7 is set at abbreviation phil=10 degree. **10 In ****** use, **11 In the case of ****** use, 
before compensation and **12 ** **11 It is the example which showed each property after compensation 
which the Colpitts mold oscillator circuit which has the thermistor B constant 3025 was made to adjust in 
the above-mentioned temperature requirement. 

10017] Drawing 8 is set at abbreviation phil=13 degree. **13 In ****** use, **14 In the case of ****** use, 
before compensation and **J5 ** **14 It is the example which showed each property after compensation 



which the Colpitts mold oscillator circuit which has the thermistor B constant 3025 was made to adjust in 
the above-mentioned temperature requirement, phi 2 in many above-mentioned examples takes the value 
of 35 degree 18' <phi2<36 degree4T here, respectively. 

[0018] It is [a table l], respectively about a thing [ NY board and the conventional quartz plate / using / in 
the usually use (near top-most-vertices temperature C of 25 degrees) about the maximum change width of 
face of deltaf/fo between -30 degreeO80 degreeC / the compensation back as the respectively same 
conditions by example drawing 4 , drawing 5 , drawing 6 , drawing 7 , and drawing 8 in compensation 
use ]. It is alike and is shown. 
[A table 1] 
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[A table l] Each property of NY board of ******** shows that the maximum change width of face in 
-30degreeC-80degreeC of frequency temperature characteristic deltaf/fo is decreased from AT, BT, 
conventional FC and conventional IT, SC board, etc. When carrying out especially temperature 
compensation, it is shown that the property at the time of making an oscillator circuit adjust these NY 
boards can be set to **1 thru/or less than **1.4 ppm in -20 degrees - 60 degreeC. Moreover, NY board of 
this invention shows a property with the same almost said of phi 1 other than the example hung up here, 
and the thing of a setup of phi 2. 

[0019] As mentioned above, by [, such as a factor by the conditions by the side of an oscillator circuit, ] in 
addition to this setting up phil and phi2 if needed, according to an operation of the primary temperature 
characteristics [ secondary / 3rd ] alpha, beta, and gamma, NY board of this invention covers a large 
temperature requirement, and acquires the configuration of the suitable frequency temperature 
characteristic for temperature compensation good. 
[0020] 

[Effect of the Invention] The quartz resonator with NY board of this invention is set to the frequency 
temperature characteristic, as an example shows numerically. The maximum change width of face in a 
temperature requirement Can make it decrease rather than what is depended on the conventional quartz 
plate, when it is usually use, improve frequency tolerance conventionally, and an opposite sign may be 
used and the case of compensation use makes the configuration of the property by the side of an oscillator 
circuit adjust the configuration of the temperature characteristic in a large temperature requirement. A 



good compensation effect Since it is obtained, the effect of contributing to the industrial value when 
raising the engine performance is large. 

[0021] Moreover, the effect of NY board having comparatively little logging loss from 
synthetic-rock-crystal rough, ending, and contributing to the industrial value with the improvement in 
the engine performance of a quartz resonator is large. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing ll It is drawing having shown the example of the frequency temperature characteristic of the 
conventional AT cut. 

[Drawing 2l It is drawing having shown the example of the frequency temperature characteristic of the 
conventional BT cut. 

[Drawing 3l It is drawing having shown axis-of-coordinates rotation of the crystallographic axis of Xtal. 
[Drawing 4l In drawing having shown the example of the frequency temperature characteristic of phil= 
l-degree30 f of NY board of this invention 
** In the case of usually use 

** It is a thing before the compensation in the case of ** temperature compensation, and after 
compensation. 

[Drawing 51 In drawing having shown the example of the phil=4 degree frequency temperature 
characteristic of NY board of this invention 
** In the case of usually use 

** It is a thing before the compensation in the case of ** temperature compensation, and after 
compensation. 

[Drawing 61 In drawing having shown the example of the phil=7 degree frequency temperature 
characteristic of NY board of this invention 
** In the case of usually use 

** It is a thing before the compensation in the case of ** temperature compensation, and after 
compensation. 

[Drawing 7l In drawing having shown the example of the phil=10 degree frequency temperature 
characteristic of NY board of this invention 
**10 In usually, the case of use 

**11 **12 It is a thing before the compensation in the case of temperature compensation, and after 
compensation. 

[Drawing 81 In drawing having shown the example of the phi 1=13 degree frequency temperature 
characteristic of NY board of this invention 
**13 In usually, the case of use 

**14 **15 It is a thing before the compensation in the case of temperature compensation, and after 
compensation. 



[Description of Notations] 

X, Y, Z Rectangular coordinates shaft of a crystal 
X', Y' X, new axis of coordinates of a Y-axis 

phi 1 Surrounding angle of rotation of the axisofcoordinates Z axis 

phi 2 new - angle which surrounding Y shaft and the surrounding plate surface normal of an 
axis-of-coordinates X'shaft make 



[Translation done.] 



THIS PAGE BLANK (uspto) 



(\s)B*m«mir (j p) 02) & ^3 4# ffr £t ^ (a) 



Wffi^l 0-284978 

(43)&BBB ¥fifclO¥(1998)10/!23B 



(51)IntCl.° 




F I 




H0 3H 9/19 




HO 3H 


9/19 D 


9/02 






9/02 Z 








St#«©»l (£ 6 M) 


(21>mK#^ 


*frK¥9- 127761 


(7DWSA 


593057986 
















AftAiifta.miftTfrjflcMiKr^^fflrMriftA t -& 






(72)$BW# 










#^;n»/ii«n*ie^K^«iiri8s i n 


(54) BBW©£8Q 









(57) [KM] 

[hub] *&mtt*&m®*<Dm&mmm<&i!}i*&\<^ 

* fcSliH L J: 9 A v *:# S r i * -e * a J: 5 ft » * 
»a**ttS:tL, 4fc«)9fflLa*oifc«W'>ftv^«r 

S&l£«ttX, Y, Z ir-fa* 
fife^«?ztt(0|El9f-S»^Si*3 o^d»^ i 3Sro 

U 7KS«ffi<oife^cDfti-^a (02) tfjffMfllttx ' 
&&ro|H]!? ■CAT«{BiJI- ; E-ix J &*nSii^S3 5^1 0#A> 
P> 3 6S5 0^»«Sffllc* 3 -57KfitgS:fflV^C7KfBfig®))- : f 




4#6S1¥ 10-284978 



1 

*N&©Ztt©l§I0fc:S***lSr:ifl?3 0^?> 1 3*©«S 
HKS>5«S (0 1) T'laiebfciffM^ttlY 
U *fiffiffi©jfelft©«:-f-«« (*2) ^KfitlttX' 
**0|119-CAT««iK-t*t^aiM*3 511 0#/S> 

[00 0 1] io 

[0 0 0 2] *36Wtc:*s^Ttt. W<CftSMSrNY 
[0 0 0 3] 

IliiLTAT, BT*-7hfO*^Wffl^ (£* 
T^fhAT, BTStt^?) , SfcFC, IT, S. 

C, IT, SC«tV^5) o L^LftaSib, AT, BT 
«t±Ztti©|I]i9 tcx, YttSrHte^-fr/i^r t SrML< 
WILT, teffifeiH^Ytttc^L-C, *rJvCTlJ&3 5ft 
0 0^75^3 5*3 0#&U°itfl-4 7*75^-5 l*ffi 

\zm^Xi*ik&&)®M,Xi}Z> < , L^L^WSffif, AT 
<, (ix.«2 5' C) ia#KBlj6«r*r*-*J& 

L^L/«e^b, «liffiE^««*«>^«Mi:fc#o-CUIJ!lP 

Lx<<^&W)mmm.mmx'te-2 o° c~6o° ex-, 

i -f -5 5 <, -tOJ: 1. 0ppml"< 

Xh «3 , 3 fttaft»*7 o»/>^*sj«5Srft«-r«fi5? 

AT&©^B©*-f 3 3&r£«fiS§:yT- 

^Mfc*g©*# - i tt-b— 5 * ^-(c J; 

[0 0 0 4 ] BTmzm2(DR%:(!!3teiM.l£<&&c , d K 



2 

1 &i&*JifSfca < J£W&*«5H© 

[0 0 0 5] Sfcl2]3 d^-TJ; 5&Ztt©lE]i9©:ft*0 
1 £^;}ve:;hJ*J 1 5° , 19° 6', 2 2° 24'@e 

t, scfefc^T, msa^T* 3«S 

CSI42 5° CtlJicDiftaialT'CD^fflg^, IT, sc 
Sr /h t f 5 ©-fcJtttfc *r i" 5 ft m 

x.tf-2 0° C~6 0° CSc#LTf±II)&^ffi*#tt© 
[0 0 0 6] 

&mw\z&^xmmmmt(DMi:±mm*Mcx, mat 

fc»4*«ffl«jj5cttH-ettfflis-et . *fci&&*t«& Lit 

[0 0 0 7] 

[ US 5 fc * © ] 

[H13] {c^-T^a^K^M^WX, Y, ZSr^f B ttit-r 
2>*Si^S©Z*i©lHl!5l-S!P^Sia3 Oftfrh 1 3 
*(D^H(cfe2,^S (01) -C@r£bfc«ffi«*»Y ' ** 
ic^tu, *ft«iBOjfe*|o/s-t-*fl* (02) dsffffi^lft 
X ' $4cD(e]<9T"AT«<IiJ(C^:tb^Sig^S3 5*10 

(huTENYS) ^ffl^fc7K B B B SK)T-l4li^, 2 



t# MS 1 10-284978 



(3) 



sis ©«Hfeic*rs& So 
[0 0 0 8] r^»c*^tc*5^Tttsm^«ropi*ffi 

05ASfF^SrZtt(D|H]!9 1^3 O^, X ' ttOS 9 3 
5g 1 0#lC*tLTfi-3 0, +0fttL, ^tzZn<0 

0 9 13S, X ' fa<D|39 3 6S5 0 #{C*t LT»2- 
0. +3 0^t^lt5„ K***AitW±IE« : *SS© 

ffitt 2 ttlartEoWJjiJ, Ai*fi©»K©Sia. 

A f / f = a (T-TO) + 0 

Z.ZL\Za, 0, y tt-tivefbl 2 iSfc , 3^©fil^ 
$C, T, T 0 tt-tHeftttSfSJF, Siptfig, " 2, * 
3 tt^r iV&*;ft-S!l, H^fE-g-SrTn-To a, 0 . rli-til 
■efttfNE* 1 . « 2<Dfkmz.±t LT«c#t5IIM:i 

^ffi^iC 1 eOJt r (aT-frWJtSr^Aitti/^) , 5£ 
JSEKojiffttCL, Mco, CLroTOt^ 

<OH^1>«#UTll»©jaift«ffllt<|*ttA f/fo 

[0 0 10] **WONY«tt*ft«<0*#XU«»iSlil 

mrl5AS«5ISrtco<j. 1, *2^'M^t^. UA» 

^*i«jfe*«S«H4A f/f o«^5fc<Off^?tfJS«) 
O57Kfi«»clt'<TJS:v^ia««SH0>Jx.tf-3 0* CM8 
0° Cff^^W'ii»>U3itt^tl,5 0 flEoT. ii« 

0iJ^tf-3O° CM8 0" CT*, zKSSift^OjfiS^ 

«»*-CJt«ftJ:<*«l4Hrt-*. lot, m%e>m 

<D'> t£ V ^ t * h -t" 5 SAM* & St L T 
»*&5ifi£J§$Ca, 0, v Sr^i"^ 4. 1 , (t>2<D-%m 

loonltfc, Sft/£<«ffl$ittv^YSMZ 

#^tt a n <s> nci&cx9iymuz£zmtt»£:iim 

o l Sr«ii-St¥5l5«ATtg7)5ftt>«ijr-fc^> 
[0 0 12] 

tt*l2. 8MhzO*f B g«iiiU Zco&ffimmc 
LSr2 0p f, M®J^a2^J#ffiCOi:^it^ftC LWJt 



* u^KOCfeS^X^SSIS^aSr^v^TPfi^SSrlt 
tttt*fi»;:*i]SJ U#5 r t , *<Dfc&£;i& LX^ibtzh 

[000 9] *«Wo«Kfc#«*«a!ci-ff«tr*K:ttW-f 
5, -#fc*ft«©fl«»ffli*«H4A f/f ottjfcco 
[»i ] *-c*i-r 
* [fti ] 

(T-TO) "2+7 (T-TO) "3 
»o a o £0. 1 6 2 5 i LfcWcifcS^T. -t*t-tfhd»fi?l£ 

«tfBf«©Hafe»fflA4*tt A f/fo ^UiToiatc:* 
"To 
[0013] 

[H160y] H 4 filfr <*> l = l ° ao'disnT, ©fiii 

©Srf— 5 — B5£&2 1 5 5 fc^i" £ =>/V< t° y 7S 
3gfiHJ8St-*5^T- 2 0° C~6 0° CWfigSSfflT'S 

20 [0 0 1 4 ] Bl5ttjKl* 1 =4° ICfc^t, 

U— 5 ^^-B^3 0 2 5 Z%rtZ>3jue*,ym&M 

[00 1 5] E6ttj^<fr 1 = 7* (c*i^T, ©ttil^ft 

so [0 0 16] m7tetf)<!> 1 = 1 0° Idjol^T, A10T 
M, S^Al 2T(iAl 1 TSrlT— 5 — B^$C3 0 

[0 0 17] 181^*1 = 13" tdio^T, Al 3T 
M, St5A 1 5 T«A 1 4 T§r#— 5 ^. ^ - B ^gc 3 0 

2 5 £*N-5 a/ufs/ r/a««aiSfc±«EjaftttfflT?aE 

40 ±IB^0iJJC*i^5* 2te%ti?tl3 5° 1 8 ' < 

*2<3 6* 4 7 ' 

[0018] Hi£0t]|g] 4, [215, 1216. E17, I218T-- 

3 0° C~8 0° C<Dffl\Zt6\jZ A f / f oWftA^-ft 

[^ i ] tcin-r, - 

[SH] 
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.(4) 







-30' 


C - 8 0 ° C 


20° C - 6 




0 i 






asraa 




(degree) tf**{tiW<PPll> &*&ffc*l (PPM) 


(PPH) 


N YifS 


1.5 


12 


28 


± 1,4 




4 


12 


25 


± 1.0 




7 


12 


22 


± 0.8 




10 


18 


32 


± 1.3 




13 


26 


43 


± 1.4 


ATI 


0 


13 


44 


± 2.0 


BT| 


0 


126 


310 




F 


15 


32 ' 


93 




I T« 


19.4 


44 


130 




s cm. 


22.4 


55 


155 





[*1] J±*^0J(DNY«cO!|^'tt^^-ftbt, : K*(OA 

t, bt, fc, it, scisma*) hmmmmM^ 

4f/f o©-30° C~8 0° CtCtJttSft^'fbtS 

fi-2 0° ~6 0° C»C*3V^T± 1 75M± 1 . 4ppm 
i:*s-C#5r tSr^L-CV->5o *fc*^B^ 

[0019] ±|B© J: 5 »^*»W©NYfiH:«fi|lIIBfly 

(D&WKxzm+^om&mKj&zx* i, * 2 srts: 

£t?:itJ:9ift, 2&. 3&©MS*i$:a, 0, 
[0 0 2 0] 

aa^fflrt ©***4b«*«*©*ft«fc J: 5 1> © £ 9 
mm*®**:*) t&su, *t««ffl<z>i§-&tej£^i&ss8 

[00 2 1 ] ^fcNY«fiAX*filS5*^©9I!3aiL 

[Ell] «*«)ATSOfflR*jaft*Stt(OOTS:*UfcBI 
[[§12] tt*©BT«©fltt»««*H£<D««r*LfcBI 



[El 4] *3gg§©NY8t©* 1 = 1° 3 0 ' <omWi&m. 

[El 5] «|©NYS©* 1=4° ©JIDStSScfigifctt 
<£>#iJ£*LfcEI"? 

So 

[El 6] *$g?J!cDNY&<£><(> 1=7° (OAttftaftfSH^ 
O^JSr^LfcElT- 

[El 7 ] *^P^(DN Y«C0 0 1 = 10° tBfO&ftffi&tt 
•ttw^Sr^LfcEIX' 

aiot mnttem<om& 

ai it, a 1 2 t &mffim<n&&<o&&SMRV®Ql 

[E18 ] *$£W<DNYmcD<t> 1 = 1 3° OjUftgciSJ^ 

40 ai3t mft&zm<o&& 

A 1 4 W, A 1 5 V ?fi««««^«M«BU^t5tt« 
[ffiF*©Ift0§] 

X, Y, Z iS^f^lIM 

x ' , y ' x, ymcom&wM 

*1 M«ttZl4<OlH]t?WlH]te^g 
0 2 ffM^ttX ' *4WH]f9<DY ' 
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